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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
producing a low resistant p-type Gallium nitride crystal, 
enabling to obtain the p-type GaN crystal doped in a 
high concentration of 1019 to 1020cm-3. 
SOLUTION: This method for producing a low resistant 
p-type GaN crystal comprises raising the GaN crystal by 
a MBE method. Therein, N2 is decomposed with 
electromagnetic waves, and Si vapor or atomic O is 
generated. An atomic mixture gas prepared in a Mg:Si 
ratio of 2:1, a Mg:0 ratio of 2:1, a Be:Si ratio of 2:1 or a 
Be:0 ratio of 2:1 is introduced into a region for raising 
the crystal. The atomic mixture gas is prepared by 
decomposing the organic metal gases of Ga, Mg and Be 
with electromagnetic waves RF in a MOCVD method. 
When Si or O and Mg or Be is simultaneously doped in a 
ratio of 1:2, an n-type dopant Si or 0 and a p-type 
dopant Mg or Be occupying a Ga position and a N 
position form a 1:1 pair, and a Mg or Be atom is further 
disposed around the atomic pair, and acts as an 

acceptor. The acceptor is consequently activated up to a high concentration, and the p-type 
dopant Mg or Be can be doped up to a high concentration. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]When growing up a GaN crystal by MBE technique or the MOCVD method, atom-like 
mixed gas prepared to Si:Mg=1:2, 0:Mg=1:2, Si:Be=1:2, or 0:Be=1:2 is introduced into a crystal 
growth region, A manufacturing method of a low resistance p type GaN crystal carrying out 
simultaneous doping of Si or the O to Mg or Be. 

[Claim 2]Evaporate a metal simple substance in oven heating, and a molecular beam of Mg or Be 
is made, A manufacturing method of the low resistance p type GaN crystal according to claim 1 
which disassembles Si or a molecule gaseous raw material of 0 by electromagnetic waves, 
considers it as atom-like gas, and prepares atom-like mixed gas by a ratio of Si:Mg=1:2, 
0:Mg=1:2, Si:Be=1:2, or 0:Be=1:2. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the method of manufacturing the p type GaN 
crystal of low resistance useful as materials, such as blue laser and a blue light element. 
[0002] 

[Description of the Prior Art]Since the band gap supports a blue light, GaN attracts attention as 
materials, such as blue laser and a blue light element. The GaN crystal is raised by the molecular 
beam epitaxy (MBE) method. In an MBE technique, the metallic element Ga is evaporated in a 
super-vacuum, electromagnetic wave RF decomposes an Nj molecule (gas), and crystal growth 
is carried out, obtaining the molecular beam intensity proportional to the steam pressure of Ga 
vapor and atom-like N"^ gas, and carrying out atomic layer control. In order to use GaN as a p 
type, Mg or Be is doped in the crystal growth of GaN. In doping of Mg or Be, heating evaporation 
of Mg or the metal simple substance of Be was carried out, and it has doped as an atom-like 
beam. 
[0003] 

[Problem(s) to be Solved by the Invention]In the conventional method, since it had doped a Mg 
independent in the crystal growth of GaN, only the 10^ ^cm"'' grade has been doped. Even if it 
was going to dope Mg, a compensation mechanism was not able to increase carrier 
concentration any more. That is, if Mg concentration exceeds 10^ ^cm""', Mg atom included in Ga 
position will move to an interstitial site, and will serve as a n type (donor) in connection with it. 
As a result, Mg of the interstitial site which is a n type (donor) offsets p type (acceptor) Mg. This 
is also the same as when raising a p type GaN crystal by the MOCVD method. By thinking out 
this invention that such a problem should be solved and doping simultaneously Mg or Be which is 
Si, and 0 and the p type dopant which are n type dopants. It aims at GaN single crystal 
production of the low resistance doped to the high concentration of 10^^ - 10^°cm~^. 
[0004] 

[Means for Solving the Problem]In order that a manufacturing method of a GaN crystal according 
to this invention may attain the purpose, When growing up a GaN crystal by MBE technique or 
the MOCVD method, atom-like mixed gas prepared to Si:Mg=1:2, 0:Mg=1:2, Si:Be=1:2, or 
0;Be=1:2 is introduced into a crystal growth region, and simultaneous doping of Si or the 0 is 
carried out to Mg or Be. Atom-like mixed gas prepared to Si:Mg=1:2, 0:Mg=1:2, Si:Be=1:2, or 
0:Be=1:2, Mg or a metal simple substance of Be is evaporated in oven heating, and a molecular 
beam is made, and Si or a molecule gaseous raw material of O is disassembled by 
electromagnetic waves, and it is considered as atom-like gas, and is prepared by mixing both. 
[0005] 

[Function]When doping simultaneously Mg or Be which is Si or 0 which is a n type dopant, and a 
p type dopant at a rate of 1:2, The acceptor (Mg'^Qg or Be^Q^) resulting from Mg or Be which 
replaced the donor (Si ~ Qa °'' ^ ~ N'^ resulting from 0 which replaced Si which replaced Ga 
position, or N position, and Ga position makes a pair, Stabilization by electrostatic energy (pair of 
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+e and -e) occurs. Mg or Be which was added further and doped with this electrostatic energy is 
more stable. As a result, a p type carrier (electron hole) can be doped to GaN which can dope 
only a lO^^cm""^ grade in Mg or a Be independent to the high concentration of 10^^ - lO^'^cm"'^. 
this invention person guessed as follows the mechanism from which simultaneous doping with Si, 
0 and Mg, or Be raises p type carrier concentration. That is, when carrying out simultaneous 
doping of Si, 0 and Mg, or the Be at a rate of 1:2, as shown in the model of drawing 1 , Si which is 
a n type donor occupies Ga position, and O which is a n type donor occupies N position. On the 
other hand, Mg or Be which is a p type acceptor occupies Ga position. And Mg or Be which is Si 
or 0 which is a n type dopant, and a p type dopant forms the pair of 1:1, one more Mg or Be 
atom configurates around this atomic pair, and it works as an acceptor. As a result, an acceptor 
is activated to high concentration and it becomes possible to make Mg or Be of a p type dopant 
dope to high concentration. 
[0006] 

[Embodiment of the Invention]When growing up a GaN crystal by an MBE technique, as shown in 
drawing 2 . the substrate 2 is set to the vacuum chamber 1, and the substrate 2 is made to face 
the source 3 of Ga and Si, or the source 4 of 0. The source 3 of Ga is heated with the heater 5, 
serves as Ga vapor, and is sent to the substrate 2. In the source of N, Ng gas is irradiated with 

the electromagnetic waves generated with RF coil 7, and the N"^ gas which became atom-like is 
sent into crystal growth space. Ga vapor and atom-like N"^ gas grow epitaxially as the GaN 
crystal 6 on the substrate 2. At this time, Mg or the source 8 of Be is heated with the heater 5, 
serves as a steam of Mg or Be, and is sent to the substrate 2, and p type doping is carried out. 
Simultaneously, it is decomposed by electromagnetic wave RF7, and 0 or a Si source serves as 
atom-like gas, and is sent to the substrate 2, and n type doping is carried out And when 
adjusting the flow of Mg or Be steam and Si steam, or atom-like O"^ gas so that an atomic ratio 
with Mg or Be steam. Si steam, or atom-like 0* gas may be set to 2:1, the GaN crystal 6 which 
grows on the substrate 2 turns into Mg or a p type crystal which carried out Be doping at high 
concentration. 

[0007]In the MOCVD method, as shown in drawing 3 . electromagnetic wave RF decomposes Ga 
content organic metal gas source g^, Mg, or Be content organic metal gas source gg and gas 
source gg and Si, or O content organic metal gas source g^. An atom-like beam is made and it is 
made to grow epitaxially as the GaN crystal 6 on the substrate 2. Also in this case, when 
adjusting the flow of Mg or Be steam and Si steam, or atom-like 0"^ gas so that an atomic ratio 
with Mg, Be steam and Si, or atom-like 0"^ gas may be set to 2:1, the GaN crystal 6 which grows 
on the substrate 2 turns into Mg or a p type crystal which carried out Be doping at high 
concentration. 

[0008]Thus, Mg or Be introduced into the GaN crystal replaces Ga position, and works as a p 
type acceptor (Mg^Q^ or Be^^^). On the other hand. Si replaces Ga position and works as a n 
type donor (Si ~ q^). 0 replaces N position and works as a n type donor (0 ~ j^). If Mg, Be and Si, 
or O is doped by 1:1, an acceptor and a donor electrified in + and - will make a pair, and 
electrostatic energy will be stable. If Imore Mg is newly added to the GaN crystal stable in this 
way, Ga position can be stably replaced by Mg or Be, and it will become possible to dope Mg or 
Be to high concentration. Although the electronic state density (DOS) of Mg or Be which 
replaced Ga position in GaN by drawing 4 (a) was shown, it turns out that Mg works as a p type 
acceptor. It turns out that Si, Si from DOS of 0, or O which replaced Ga position in GaN by 
drawing 4 (b) works as a n type donor. By carrying out simultaneous doping of these, it is clear 
to stabilize electrostatic energy. 
[0009] 

[Example]The GaN single crystal was set to the vacuum chamber 1 maintained by the degree- 
of-vacuum 10"^^ toll as the substrate 2 for GaN crystal growth. The GaN crystal was grown 
epitaxially at 250-400 **, being a flow 10 toll about Ga vapor, and passing [ atom-like N"^ ] Si 
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steam for Mg or Be steam on the substrate 2 by a flow 2x10 ^ toll by a flow 10 ^ toll at a flow 
10"^° toll. Atom-like gas was prepared by irradiating gas with the electromagnetic waves 
of a microwave range. As the obtained GaN crystal was shown in Table 1, acceptor 
concentration differed according to crystal growth temperature. However, as compared with the 
case where Mg or a Be independent are doped, any crystal growth temperature showed high 
doping concentration, without sending in Si steam. 
[0010] 
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[001 1]When it changed to Si and simultaneous doping of the O was carried out to Mg or Be, the 
p type carrier was similarly doped by high concentration. When simultaneous doping of Si, 0 and 
Mg, or the Be was carried out by the MOCVD method, the p type carrier was able to be similarly 
doped to the high concentration of 10^^ - 10^°cm"^. 
[0012] 

[Effect of the Invention]As explained above, in this invention, the n type dopants Si and 0 or p 
type dopant Mg, or Be is doped simultaneously. 

Therefore, it becomes possible to dope GaN doped only to the lO^^cm"^ grade in the former by 
a p type carrier to the high concentration of 10^^ - lO^^cm"^. 

Thus, since melted Mg or Be atom is almost altogether activated as an acceptor, the p type GaN 
crystal of the obtained low resistance shows high p type electrical conductivity, and presents 
the outstanding electrical property. Therefore, it is used for a high-density light memory memory, 
a full color display, etc. as materials, such as powerful blue laser and a blue light element. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dr awing 1] The model of the GaN crystal which carried out simultaneous doping of Si, 0 and Mg, 
or the Be 

[Drawing 2] A device used by the MEB method for growing up a GaN crystal 

[Drawing 3] A device used by the MOCVD method for growing up a GaN crystal 

[Drawing 4] Electronic state density which showed that Mg or Be which replaced Ga position 

worked as an acceptor (p type), and O which replaced Si which replaced Ga position, or N 

position worked as a donor (n type) 

[Description of Notations] 

1: source [ ] of vacuum chamber 2:board 3:Ga — 4:Si or source [ of 0 ] 5:heater 6:GaN crystal 7: 
— RF coil [ ] — 8:Mg or the source of Be 

g^:Ga content organic metal gas source gjiMg or Be content organic metal gas source 
ggrNg gas source g^rSi or 0 content organic metal gas source 
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DRAW[NGS 



[Drawing 1] 
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[Drawing 2] 




[Drawing 4] 
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1 . 2x10" 


3 0 0 


8. 6X10" 


2 . 1X10" 


3 5 0 


I . 2X10" 


3. 5X10" 


4 0 0 


9. 5 X 1 C 


1. 0X10" 



[00 11] S iiC#;tOSrMgXttBe il^Bf F-fc° gXttB e ^^Pf F-t:V:?-Uit#^iw%. ^litl 0 
tViJ-'^^ixfCo S/c, MOCVDiiT'S i XfiO^tFM 50 t^^ltfiX^tZo 



5 

[0 0 12] 

IX nm V--'<> h S i XflO&t/pS F-/Ny hMg 

1 O" cm"' ga*-T?L;«>K-t°>^''-e#'i«^o/cGa 
N&l O" ~1 0'° cm"' <D-0,^mZpM^\'J7X^V 

fcim^O p «G a NgfTse. LjiA/Ac M g X(4B 
[HI] 

BeZI* Me t a Xft 0 K- e > r Lfc GaNfifi 




6 

* [HZ] GaNSfBS:)5g*^-fr5MEBfeT-«ffl1-5 
SB 

[US] GaN^efsSrj^gft^-tirSMOCVDi'iTffiffl 

[134] Ga&S^l^tfcMgXflB e^S7^i?7° 
^- (pS) tUTilt, Gaj5:«^«||t/cS iX(4 
NfiS^tfeL/tOdSK-:^- inm) tLXm<Zt^ 

immm 

10 1 ■.M^'f-^yy< 2:SS 3:GaM 4: 
SiXnom 5 : b-^? 6:GaNigHl 
7 ; RF3^;l- 8 : MgXftB e^, 
g. : Gat^mmiim ;MgXttBe 

g3 :N,:ffm g4 : S i Xf40-tfi-t^#M;#" 
[B2] 




[03] 




(5) 0- 1 0 1 4 9 6 

[04] 
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